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(57) A displacement control apparatus controls the 
displacement of a variable displacement compressor 
(CP). A drive shaft (1 6) of the compressor (CP) is driven 
by an engine (25). Torque (Tr) acting on the drive shaft 
(16) represents the displacement. The apparatus in- 
cludes a control valve (32), an air conditioner controller 
(80) and a compressor controller (77). The control valve 
(32) changes the compressor displacement. The air 
conditioner controller (80) produces a torque setting sig- 



nal, which represents a target torque (Trset), to the com- 
pressor controller (77). The compressor controller (77) 
changes the valve opening based on the torque setting 
signal such that the actual load torque (Tr) matches the 
target torque value (Tr^et). Accordingly, the compressor 
(CP) Is controlled according to the torque. The air con- 
ditioner controller (80) may send the torque setting sig- 
nal to an engine controller (90), which eliminates the 
need for load torque maps. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a displacement control apparatus for a variable displacement compressor, a 
displacement control method and a compressor module. 

[0002] Atypical refrigerantclrcultof a vehicle air conditioner includes a condenser, an expansion valve, an evaporator 

and a compressor. 

[0003] Variable displacement swash plate type compressors are widely used in vehicle air conditioners. Such com- 
pressors include a displacement control mechanism, which operates to maintain the exit pressure of an evaporator or 
the suction pressure Ps of a compressor associated with the exit pressure at a predetermined target value (set pres- 
sure). The exit pressure of an evaporator or the suction pressure Ps of a compressor associated with the exit pressure 
reflects the magnitude of the cooling load. The variable control mechanism controls the exit pressure of the evaporator 
or the suction pressure Ps to adjust the inclination angle of the swash plate of the compressor, which adjusts the 
displacement of the compressor. 

[0004] The variable control mechanism includes an internal control valve and an external control valve. The internal 
control valve has a pressure sensing member such as a bellows or a diaphragm. The valve opening degree is adjusted 
by sensing the exit pressure of the evaporator or the suction pressure Ps of the compressor with the pressure sensing 
member so that the valve body is positioned accordingly. The pressure in a crank chamber, which accommodates the 
swash plate, is adjusted by the valve opening degree. The inclination angle of the swash plate is determined by the 
pressure in the crank chamber. A simple internal control valve has only a single set pressure, and such a simple control 
valve cannot perform complex control for power consumption. 

[0005] Such compressors are usually driven by vehicle engines. Among the auxiliary devices of a vehicle, the com- 
pressor consumes the most engine power. Accordingly, under exceptional conditions, for example, when the vehicle 
is accelerating or moving uphill, all available engine power needs to be used for moving the vehicle. To reduce the 
engine load, the compressor displacement must be minimized. 

[0006] Japanese Unexamined Patent Publication No. Hei 10-278567 discloses an external control valve in which 
the valve opening degree can be controlled by external electric signals. A variable displacement compressor having 
the external control valve is able to minimize the discharge displacement of the compressor by changing the opening 
degree of the external control valve. 

[0007] The power that the compressor actually consumes, or the load torque Tr of the compressor, varies greatly in 
accordance with changes In the suction pressure Ps and the discharge pressure Pd of the compressor. To prevent the 
engine from stalling even if the required load torque Tr of the compressor Is increased, it is necessary for the compressor 
to be driven at high speed (over a predetenriined value) at all times. However, this increases the power that the com- 
pressor consumes. 

[0008] To reduce the power that the compressor consumes, a controller that controls the engine estimates the load 
torque Tr. The engine output torque Tr^ng, which Is the total torque of an engine, is a value obtained by adding the 
required load torque Tr of the compressor to the torque necessary for vehicle travel. When all available engine power 
needs to be used for moving the vehicle, the engine controller is able to give priority to moving the vehicle using this 
torque data. 

[0009] The load torque Tr of the compressor has been estimated by the use of an experimentally created map. 
However, since the load torque Tr of a compressor is different depending on the refrigerant circuit to which the com- 
pressor is connected, a map is needed for each air-conditioner, that is, for every type vehicle. This complicates the 
preparation of maps. Further, estimation of the load torque of the compressor from the map is always required to 
improve efficiency. This is also complicated. 

[0010] Further, in an auto air-conditioner, the compressor Is controlled by an air controller. In this case, the displace- 
ment of the compressor is controlled based on external information such as the temperature in the vehicle passenger 
compartment, and is not controlled based on torque. 

SUMMARY OF THE INVENTION 

[001 1 ] Accordingly, it is an object of the present invention to provide a displacement control apparatus, a displacement 
control method and a compressor module that accurately controls the compressor displacement based on torque. 
Another object of the present invention is to provide a displacement control apparatus and a displacement control 
method In which load torque data of a compressor for controlling the displacement of the compressor can also be used 
for controlling an engine and It is not necessary to estimate the load torque of the compressor for every type vehicle. 
[0012] To achieve the object, a displacement control apparatus for controlling the discharge displacement of a var- 
iable displacement compressor has a control valve, a first controller, and a second controller. The compressor is in- 
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torque to the set torque by controlling the discharge displacement of the compressor. ^^„„ssorcontroller 
[0016] Acompressormodulecomprisesacompressor.acontrolvalve.nthecompressor.andacompressorcontro.ler 

ZS''^h?crpSXm.s part of a refrigerant circuit in a vehid 

setting signal indicating a set torque from outside the compressor. The '^^.^P^^^^^^^'^J^"^^ J^"^ f^^^^,^ ^ 
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BRIEF DESCRIPTION OF THE DRAWINGS 



r0019l The invention, together with objects and advantages thereof, may best be understood by reference to the 
loSg desrpSthe'presently prelerred embodiments together with the accompanying drawings in which. 

Fig. 1 is a circuit diagram of a vehicle air conditioner in which a displacement control apparatus according to the 
35 present Invention is incorporated; 

Fig 2 is a cross-sectional view of a variable displacement compressor; 
Fig 3(a) is a cross-sectional view of a control valve of the first embodiment; 
Fig. 3{b) is a schematic view for explaining forces which act on an operating rod; 
Fig 4 is a flowchart showing the main routine for the displacement control of the compressor, 
Fig 5(a) is a cross-sectional view of a control valve of the second embodiment; and 
Fig. 5(b) is a schematic view for explaining forces which act on an operating rod. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

ro0201 First and second embodiments of the present invention will be described with reference to Figs. 1 to 5(b). In 
trslndlbodrn?^^ same or corresponding members are denoted by the same reference numerals, and only 
the differences from the first embodiment will be described. 

(First Embodiment) 
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compressor CP draws and compresses the refrigerant gas from the suction chamber 5 and discharges the compressed 
refrigerant gas to the discharge chamber 7. High pressure refrigerant gas in the discharge chamber 7 is supplied to 
the condenser 2 via the high pressure pipe 8. The opening size of the expansion valve 3 is automatically feedback 
controlled based on the temperature and pressure of the refrigerant. A temperature sensing cylinder 9 provided down- 
5 Stream of the evaporator 4 detects the temperature of the refrigerant. Thus, the expansion valve 3 adjusts the flow rate 
of refrigerant supplied to the evaporator 4 and also directly adjusts the flow rate of refrigerant in the external refrigerant 
circuit 1 . 

[0023] As shown in Fig. 2, the compressor CP includes a cylinder block 11, a front housing 12, which is secured to 
the front end face of the cylinder block 11 , and a rear housing 14, which is connected to the rear end face of the cylinder 
10 block 1 1 via a valve plate assembly 13. 

[0024] A crank chamber 1 5 Is defined between the cylinder block 1 1 and the front housing 1 2. A drive shaft 1 6 extends 
through the crank chamber 15 and is rotatably supported by the cylinder block 11 and the front housing 12 through a 
bearing. A lug plate 17 is located in the crank chamber 15 and is secured to the drive shaft 16. 

[0025] A swash plate 18, which is used as a cam plate in this embodiment, Is accommodated in the crank chamber 
15 15. The swash plate 18 is supported to slide along the axial direction of the drive shaft 16 and to incline with respect 
to a plane perpendicular to the drive shaft 16. A hinge mechanism 19 connects the lug plate 17 to the swash plate 18. 
The hinge mechanism 19 permits the swash plate 18 to rotate integrally with the lug plate 17 and the drive shaft 16, 
guides the movement of the swash plate 1 8 in the axial direction of the drive shaft 1 6, and guides the inclination of the 
swash plate 1 8 with respect the drive shaft 1 6. 
?o [0026] A plurality of cylinder bores 20 (only one shown) are formed around the axis of the drive shaft 1 6 in the cylinder 
block 11 . A single headed piston 21 is accommodated in each cylinder bore 20. The front and rear openings of the 
cylinder bore 20 are closed by the valve plate assembly 13 and the piston 21 , respectively. Each piston 21 defines a 
gas compression chamber in the corresponding cylinder bore 20. Each piston 21 Is coupled to the swash plate 18 by 
a pair of shoes 23. The swash plate 1 8 converts rotation of the drive shaft 1 6 into reciprocation of each piston 21 via 
'5 the shoes 23. The lug plate 1 7, the swash plate 1 8. the hinge mechanism 1 9 and the shoe 23 function as a variable 
displacement mechanism. 

[0027] The drive shaft 1 6 Is coupled to an engine, which serves as an external drive source, via a power transmission 
mechanism 24. The power transmission mechanism 24 includes a belt and a pulley. The power transmission mecha- 
nism 24 may include a clutch mechanism, such as an electromagnetic clutch, which is capable of engaging or disen- 
gaging the compressor by external electric control. In this embodiment, the power transmission mechanism 24 has no 
clutch mechanism. Therefore, while the engine 25 is running, the compressor is driven continuously. 
[0028] A suction chamber 5 and a discharge chamber 7 are defined between the valve plate assembly 13 and the 
rear housing 14. The suction chamber 5 forms a suction pressure zone, the pressure of which is a suction pressure 
Ps. The discharge chamber 7 forms a discharge pressure zone, the pressure of which is a discharge pressure Pd. The 
valve plate assembly 13 has suction ports 26 and suction valves 27, which open and close the ports 26, discharge 
ports 28 and discharge valves 29, which open and close the ports 28 corresponding to each cylinder bore, respectively 
[0029] The inclination angle of the swash plate 1 8 changes according to the pressure in the crank chamber 1 5 (crank 
pressure Pc). The inclination angle of the swash plate 18 determines the stroke of piston 21 or the displacement of 
the compressor. 

[0030] As shown in Fig. 1 , the compressor CP includes a crank pressure control mechanism for controlling the crank 
pressure Pc. The crank pressure control mechanism includes a bleed passage 30, a supply passage 31 and a control 
valve 32. The bleed passage 30 connects the crank chamber 15 to the suction chamber 5 to release refrigerant gas 
from the crank chamber 15. The supply passage 31 connects a second pressure monitoring point P2 in the high 
pressure pipe 8, which is closer to the condenser 2 than the fixed restrictor 8a, to the crank chamber 15 to conduct 
45 the refrigerant gas to the crank chamber 15. The supply passage 31 includes a pressure detecting passage 33, which 
connects the second pressure monitoring point P2 to the control valve 32, and a crank passage 34. which connects 
the control valve 32 to the crank chamber 15. The pressure detecting passage 33 forms an upstream section of the 
supply passage 31 , and the crank passage 34 forms a downstream section of the supply passage 31. The control 
valve 32 adjusts the flow rate of the high pressure refrigerant gas supplied to the crank chamber 1 5 through the supply 
50 passage 31 to control the crank pressure Pc. 

[0031] Fig. 3(a) shows a cross-sectional view of a control valve of the first embodiment of the present invention. The 
control valve 32 includes an inlet valve mechanism 51 and a solenoid 52, which is used as an electromagnetic actuator 
The inlet valve mechanism 51 adjusts the opening degree of the supply passage 31 . The solenoid 52 exerts a force 
according to the level of an electric current, which is applied to the inlet valve mechanism 51 , through an operating rod 
55 53. The operating rod 53 is cylindrical and has a divider 54. a coupler 55 and a guide 57. The end of the guide 57 that 
is adjacent to the coupler 55 functions as a valve body 56. The cross-sectional area of the coupler 55 is smaller than 
the cross-sectional area S4 of the valve body 56. 

[0032] The valve housing 58 of the control valve 32 includes a plug 58a. an upper housing member 58b, which 
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houses the inlet valve mechanism 51 . and a lower housing member 58c. which houses the solenoid 52. The plug 58a 
is threaded nS the upper housing member 58b to close an upper opening. A valve chamber 59 and a through hole 
eZt^X^VereXoZe defined I the upper housing member 58b. A pressure sensing chamber 61 ,s de 'ned by th« 
u prhoSg member 58b and the plug 58a. The pressure sensing chamber 61 '"<^;;J^^/21e7S ^ thet^^e 
Z^nd a crank oressure chamber 66. The through hole 60 connects the pressure sensing chamber 61 to the valve 
chamber 5rThe oper'ing rod 53 extends through the valve chamber 59 and the through hole 60 to t e pressure 
senlg chLber The operating rod 53 moves axially such that the valve body 56 '-ly co-^^^^^^^^ valve 
chamber 59 and the through hole 60. The crank pressure chamber 66 is always connected to the through hole 60^ 

?he V ive c^ Iber 59'is connected to the second pressure monftoring point P2 1^-^;.^^^^ 
nressure detecting passage 33. Thus, the pressure PdL at the second pressure monftonng point P2 >s fPPi ed tothe 
Z chan2e?59 through th^ pressure detecting passage 33 and the first port 62. A second rac^a' Port ^ 
in Te UDoer housing member 58b to communicate with the crank pressure chamber 66. The second radial port 63 
co^Terthe clT^re^^^^^^ chamber 66 to the crank chamber 1 5 through the crank passage 34. The frst rad al port 
S I vie chamber 59, the through hole 60. the crank pressure chamber 66 and the second radial port 63 fomi a 
nart of the suddIv passage 31 within the control valve 32. 

K The valve body 56 of the operating rod 53 is located in the valve chamber 59. The ^-^f "^f ^^XlThole 
Srcoupler 55 extending within the through hole 60 is smaller than the J^^f ^^^^^^^^^ 

RO The cross-sectional area S1 of the through hole 60 Is smaller than the cross-sectional area S4 of the valve body 
56 IccorlglyCinne^^^ of the valve chamber 59. to which the through hole 60 opens functions as a va.,e seat 
64 forTece ving the valve body 56. The through hole 60 functions as a valve opening, which ,s selectively opened and 
do edTy hT^^^^^^^^^ body 56. When the valve body 56 contacts the valve seat 64. the through hole 60 is shut from 
Se valve Chamber 59. L shown in Fig. 3. when the va^/e body 56 is spaced from the valve seat 64. the through hole 

roo'sT^rdtrro'fre^^^^^^^^^^ 53 is Atted in the pressure sensing chamber 61 . The divider 54 divides 
rprissIese:si;chalr6?lntoth^^ 

54 functions as a partition between the high pressure chamber 65 and the crank P;««^"^^f ^^^Jf P^^,^^"^,^";^^^^^ 
rlZ, direct connection between both chambers 65 and 66. The cross-sectional area S2 <>* the dmder 54. w_hch 

functions as the partition, Is equal to cross-sectional area SI of thethrougn noiebu. ineie,u,«, "-H^-a^ - 

orJ^e sensmrchamber 61 through which the divider 54 is fitted, is continuous with thethrough hole 60. 
foSer fthL radirport 67 is defLd in the upper housing member 58b to communicate with the high pressure 
Ser 65 The hig pressure chamber 85 is connected through the third port 67 and the passage 68 to the first 
p ess re monlSing'pofnt PI , or the discharge chamber 7, Thus, the pressure PdH at the fi,.t pressure monrtonng 
nnint P1 Is BODlied throuqh the passage 68 and the third port 67 to the high pressure chamber 65. 
S3 [oSn A £n spring 69 is contained in the high pressure chamber 65. The return spring 69 urges the operating 
rod 53 to cause the valve body 56 to move away from the valve seat 64. . ,cb^ 

00381 The solenoid 52 is provided with a cup-shaped receiving cylinder 71 fixed in the lower housing member 58a 
A ?ixed irin core 70 is Sed in the upper oper^ng of the receiving cylinder 71 . The fixed Iron core 70 is a part of the 
m er w^f hTva J^^^^^^^ aJSa Jdefines a plunger chamber 72 in the 
r;;i;intainedintheplunger Chamber 72. Thefixedlron core 70 inc.^ 

«M!r4^ ^7 A eiifiht clearaHce (not shown) exists between the inner wall of the guide hole 73 ana tne guiae o/^. i ne 

S omber 59 a^^^^^^^^^ 

inthe valTchamber 59, orthe pressure PdL at the second pressure monitoring point P2. is applied inside the plunger 

'The lower end of the guide 57 extends into the plunger chamber 72, The movable iron core 74 is fixed to the 
C end Jf he guide 57. The movable iron core 74 moves in the axial direction integrally with the operating rod 53^ 

A hock absort^ing spring 75 is contained in the plunger chamber 72. The shock ^'^^°*;gj;;9;^^^ 
he rnovable iron core 74 and the operating rod 53 toward the fixed iron core 70. The force of the ^h°ck abso bmg 
sDrina 75 is less than the force of the return spring 69. Accordingly, when electric power is not supplied to a co, 76 
the Sum spring 69 moves the movable iron core 74 and the operating rod 53 to the initial position as shown in Rg. 3 

Li^ctric Dower to the coil 76 through a drive circuit 78. The coil 76 then generates an electromagnetic force F corre- 
^0 d ng t" ilv^^^^ oUhe electric power supplied to the coil 76 between the fixed iron core 70 and the movab^.ron 
core 74 The electromagnetic force F attracts the movable iron core 74 toward the fixed iron core 70 and urges the 

'^::.TV":ZttZ^^^^^^ the voltage applied to the coll 76. one of which Is to change the 

Torge valuerei and another is referred to as duty control. Duty control 1 
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Lh,T1. ll f ""^^'^ °' ^ P"'"^^ ^h''^^ ^^^"^'^ °" off periodically, is adjusted to 

Z To of Z n^ 7 IT ""^'"^ ^"'^"^e value of the applied voltage can be obtained by miltiplying 

70 and^^^ «'^t^°"^a9netic force F generated between theSxed iron core 

ra^irnt is tZm'^^r.H " ' "P^"'"^ °' '""^ ^^'^^ '^^^t^-^t' '"^^ ^^^^er the duty 

ratio ut IS, the smaller the opening degree of the valve is. 

[0043] The opening degree of the control valve 32 depends on the axial position of the operating rod 53 The axial 
position o the operating rod 53 is detemiined based on various forces that act axially on the operalg rod 53 TheTe 
forces wi» be described referring to Fig. 3(b). The downward forces shown in Fig. 3(b) tend to space the vaL boS 

IZZT ^^'^^ *--tion). The upward forces shown in pig. 3(b) tend to movele valve 

body 56 toward the va/ve seat 64 (the valve closing direction) 

M^l be'^I ^l?H'TrJ"H".T'"' °" °' ^2 ^""^^ '"^^ 55, i.e., on the divider 

54^ will be described. The divider 54 receives a downward force fl from the return spring 69. The divider 54 also receives 

itrZfd' .T fn r''"""' ''^^ ^'^^'^'^ '"-tive pressure rece^ ng a"a 

?2 of the ^WerS^^^^ pressure PdH of the high pressure chamber 65 is equal to the cross-sectional area 

oreslire Pc The oJ...? """"^^ '"^"^ °" ^'^^ P^^«^"- the through hole 60 (crank 

i^lnii t '''^^^"''^ '^^^'^'"^ ^'^^ °' '^'^''^^^ ^'th respect to the pressure Pc in the through 

Pro JL7Z\l ^ S2 of the divider 54 minus the cross-sectional area S3 of the coupler 55. 

- bTthe fo.lltrequT:r ^"'^^ ^ ^"^^'"^ - 5^ -P-sed 

Z Fl =PdH . S2-Pc(S2-S3)+f 1 Equation 1 

sTw^ill be S^lTr-T? H^'ir °" °' ^3 the coupler 55, i.e., on the guide 

''TT ^"'f ^" "P^^^'^ '2 from the shock absorbing spring 75 and an upward 

electrornagnetic force F from the solenoid 52. The guide 57 also receives an upward force based on the pressure PdL 
TalTaT. T Z "^^'^'^^ ^^^=^'^'"9 area of the guide 57 with respect to the pressui PdUn 

fo^ce based onTh " tional area S4 of the guide 57. The guide 57 also receives a downwa 3 

throLh hS 60 The'efffr -'^.^^^-^-^^^ ^9 and a downward force based on the pressure Pc In the 

ThZh ^^f.^^^t P'^^^""^ ^«°«'ving area of the guide 57 with respect to the pressure PdL in the valve 

hofe 60 Th J'ff cross-sectional area S4 of the guide 57 minus the cross-sectional area S1 of the through 
i. in, °i J^l^^^'""^ P7^^7 ^^^^'^'"9 °t the guide 57 with respect to the pressure Pc in the through hole 60 
Jrovidt ?hlt th?"""H r °' ''^'^ "^'""^ cross-sectional area S3 of the coupler 55. 

Tqualn 2 '"^'^^ ^^=""9 °" ^'^^ 9""^^ ''^ ^'^P^-^^^d by 
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Z F2=F+f2-Pc(S1-S3)-PcIL(S4-S1)+PdL - S4 

40 

=F+f2+PdL • S1 -Pc(S1 -S3) Equation 2 

S th^ooe^aJinTr^^^^^^^ r "'T' ^"^^'^^ 9^'^^ ^^e axial position 

45 When ?F Z F2 thf 1.' ^ ^ '^'^"^^^ ^'^^ ^ In equation 2. 

wnen 2. hi = z F2, the following equation 3 is obtained. 

PdH . S2-PdL . S1-Pc(S2-S1) = F-f1+f2 Equation 3 

fhetlre'^s'pTrenS^li'^ Z^lf' °' '° '° cross-sectional area 82 of the divider 54. 

Therefore, if S2 is replaced with SI in equation 3, the following equation 4 is obtained. 

PdH-PdL=(F-f1+f2)/S1 Equation 4 

55 

[0048] In equation 4, the (PdH-PdL) on the left side 4 is the pressure difference A Pd between the two points that 
IS the first pressure monitoring point P1 and the second pressure monitoring point P2. Also, in equation 4 n f2 and 
S1 are fixed parameters, which are determined by the design of the device. The electromagnetic ^orce F is however 
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rod 53 operates to change the pressure difference A Pd .n ^nd the pressure PdL, which act on 

other words, the operating rod 53 operates aajordance ^Jl^l^^'^'^^^l electromagnetic force F. seeks target, 
the rod 53. such that the P^«^"^f ^nrr JsTf u«Ts a press^ detecting body together with the va^e 
orsetpressuredifferenceAPd .^^^^^^^^^^^^^ 

reSedrfXr^^^^^^^ 



15 



20 



Equation 5 

A Pd=f(l) 



rtf tho oneratlna rod 53, which changes the 
[00491 in the first embodiment of the present invention, the P°J^" °"*^p7P^^"'"^ 

Ssplment of the compressor, is f --^^^^^^^^^^^^^^^^ t suction pressure sensor 41 , a discharge 

[0050] Referring to Fig. 1 again, the ^on^P^essor n^odule CPMjnciu^^^^^^ ^ ^^^^.^^ ^^^^^^^ ^^^^^ 
press re sensor 42 and a rotation sensor 43, wh.ch f unct.on as ^^^^'^^^^^ detects the discharge 

^1 detects the suction pressure Ps of the -^^P^^^J^ f^^'^J",*;^^^^^^^ speed Nc (rpm) of the drive shaft 

shaft 1 6 are sent to a ^'"I'^^JI-^. of the compressor CP. whteh acts on the drive shaft 16. is 

variables, is used as a variable. comoressor which is the refrigerant discharge amount per unit time 

^ Qd = (flow rate coefflcleni) (restrictor area)- ^/ (2A Pd/ p d) Equation 7 

pressure sensor 42. . ^ ^ ,.«Kr^^/iHAri npar the compressor CP. Therefore, the pressure 

bLrp-/rrrrr;r^^^^^^^ 
. prrozrori°^.sa„,— ^^^^^^ 

and an input-output interface. The ^°^P'^^^^°[''°''''°'^lJJ'Z^ 77. The compressor controller 

air oonditroner controller 80) sends torque setting ^JS;/ ^^^^ ^TX^^^^^^^^^ the discharge gas flow rate Qd 
77 computes the set pressure difference A Pd3e, of the '^j'^^f '^^^^^ ,^,3 i^^d torque Tr that acts on the drive 
corresponding to the set torque Tr3, based on equations^^^^^^^^^ 

50 shaft16andthesettorqueTr3ettocoincidebasedo the^^ 

computes the duty ratio Dt necessary for dnve « 9na ^ ^J" ^Vcommands the drive circurt 78. and the drive circuit 78 
set pressure difference A Pd^,, The compressor controller 77 comman ^^.^ ^^^^^^^ 

sends drive signals to the coil 76 at the duty l-^^^^^^^J^/^^^^^^^ pd3.. In this specification , the external 

and the control valve 32 is controlled to prod ce se pressure an index. The index 

controller produces torque setting signals J^^/ ".^^^^^^^ ' - ,,,3, ,„,troller Is located outside the compressor, 
controls the control vaK^e from the torque sett ng s.gnais. ^^^^^ ^^^^^ ^g. , ,3 an electronic control unit 
[0057] The air conditioner controller 80 of the venicie air com 
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To^'IoZ A^rc"" '"P"^-°"tP"t '"t^rf^'^^ C/O)- The input terminal of I/O of the air conditioner 

cont oiler 80 ,s connected to a f.rst device for detecting external information that reflects the refrigerant performance 
required for the refngerant circurt of an air conditioner The first device includes an air conditioner switch 81 which 
turns the a.r conditioner on and off. a temperature adjuster 82, which sets a target temperature inte pass^nTer 
tToasf "T^' T ' '^'^'^"^"^ -apartment temperature sensor 83' which 'detects the temp'eratu e'fn 

he passenger compartment. The temperature adjuster 82 and the temperature sensor 83 are operated by a passeigrr 

L comnrl^ '^r' ^° """P^^"' appropriate discharge refrigerant discharge amount'o 

the compressor based on the ON/Off state of the air conditioner switch 81 . the target temperature in the temperature 

.^dJf«;f2andthetemperatureinthepassengercompartmenttemperaturesenso?83andcomputesthUo^^^^^ 
10 ing load torque Tr of the compressor CP from equation 6 "mpuies me correspond 

tSratu?eli™'°"^'" '°""'°"!: ^° ^^"^^^^^^^9 drive section (not shown) to maintain a desired 

temperature in the passenger compartment at a target temperature set by the temperature adjuster 82 Then the drive 
sec ion adiusts the temperature of air exiting from the air conditioner, air flow, air flow patter s and the like The dr ve 

15 S^h int'nf 7'°' ^ ^" "^^^ ^^'^'"9 «'hich drive a door through 

'5 which internal and external air are exchanged. ""uuyn 

[0059] An engine controller 90 is an electronic control unit for an engine, including a CPU, a ROM a RAM and an 
ZZTn^J r^'f "P"^ °' '° °' ^"9ine controller 90 is connected to a second device for 

tTTlZ T ' 7 " 1 °" '"9'"" ^'^^ ^^'^^'^'^ '"<='-des a vehicle speed senso 

. dl^n h H "^^"^.^^1^°^ 92 for detecting the rotational speed Ne of the engine 25, a pedal position sensor 93 fo 
S Sn' h ^^9ree of an acceleration pedal (gas pedal) of the vehicle and an air pressure senso 94 o 

detecting the pressure of air being drawn into the engine. To the output terminal of I/O of the engine controller 90 are 
connected a continuously variable transmission 95. an electronic control throttle device 96 provided in ^he Se pJL 
sage of the engine 25, and a fuel injection device 97. 

[0060] The engine controller 90 communicates with the air conditioner controller 80 and receives and sends data 
signals from and to the air conditioner controller 80. The engine controller 90 sends information regarding whether o' 

not he vehicle ,s,n an exceptional control mode, to the air conditionercontroller 80. In this specification the "^^^^^^^ 
control mode' indicates the following modes: a case where the engine 25 is under a high Ld such afwhen Zbing 
a case where the vehicle is being accelerated, such as when overtaking another vehicle, and a case where Jhe enqine 

mode frZ T Tu'' °° '''''^'^ ^'^^ ^^^^ ^ -^-'^ - in an except onal 

mode from the engine controller 90, it sets the lowest torque value as a set torque Tr^,,, and at other times non 
exceptional mode) the air conditioner controller 80 sets the load torque according to the appropriate d sc^^Lmi aas 
8rw;,rb?dL':rd^^^ "^'^ ^^'^^'^^^ determination of the set torque ^r^^. in the^airrSLrc^rrr 

\anmJn JJ^J'o.T^? °1 T""^ '^"^ '""""^ controlling the compressor CP displacement. When the 

con rnlTRO Z '"^ " '"""^"^ '^^nditioner controller 80 starts processing. The air conditioner 

controller 80 performs vanous initial settings in step SI . a i-uiiuiiioner 

[0062] In step S2, the air conditioner controller 80 waits until the air conditioner switch 81 is turned on When the air 
conditioner switch 81 is tumed on, the air conditioner controller 80 proceeds to step S3 

controller 80 detemiines whether or not the vehicle is in an exceptional mode 

proceeds "fstVsTl: "T" ' '''' '^^ conditioner controlirso 

proceeds to step S4 and performs an exceptional control procedure corresponding to the exceptional mode In the 
exceptional control procedure, the a,r conditioner controller 80 instructs the compressor controller 77 to set the Zest 
torque value as the set torque Trset. ' lu me lowest 

[0064] If the outcome of step S3 is negative, the air conditioner controller 80 proceeds to step S5 and performs a 
norrrial control procedure. In the nomial control procedure, the air conditioner controller 80 computes the ref rtaerLt 
discharge amount required forthe compressor CP based on information such as the set temperaturrby the teSature 
adjuster 82 and the detected temperature from the passenger compartment temperature sensor 83 and thTuke and 
he controller 80 computes the corresponding compressor CP torqueTr. Then, the air conditioner controller 80 nstmcl 

80 sends the set torque Tr„t to the engine controller 90. """oner 
[0065] As described above, the compressor controller 77 subsequently computes the discharge flow rate Qd corre- 
spondmgtothetorquesettingsignalsinstructedfromtheair conditioner controller80,computesth^ 

thf^ • corresponding to the discharge flow rate Qd, and computes the required Duty rarot 

of the dnve signals that ,s output to the coil 76 to obtain the set pressure difference A Pd33,. The drive circuTt 78 ?ha 
received instructions from the compressor controller 77 sends the coil 76 a drive signal according to thelTratL Dt 
o^reS^ t^sil'^^^^^^^ ^ ''-^ '° - - thl compresIrTp ii 

[0066] The position of the operating rod 53 (valve body 56) in the control valve 32, that is, the valve opening degree 
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and the operating rod 53 is located at the initial position as shown in Fig. 3(a). At this t.me the vah/e body 56 of the 
ODerl'fnq rod 53 is furthest from the valve seat 64 so that the opening degree of the control valve 32 .s maximized^ 

5 fooer When the power is supplied to the coil 76, the valve body 56 is positioned with respect to the valve seat 64 
Sn tS the uDward E force (F+f2) and the downward urging force fl are balanced, and the opening degree of the 
rS ire'3T s dSlnid Ihe aLunt of refrigerant gas conducted to the crank chamber 1 ^ throug^^^^^^^ supply 
nassaae 31 is determined in accordance with the valve opening degree. The crank pressure Pc .s adjusted by the 
SSnsNp iewSen the refrigerant gas amount introduced to the crank chamber 15 through the supPhT passage 31 

10 a Se rXelt gas amount conducted from the crank chamber 1 5 through the bleed passage 30 The difference 
beSJeen t Pc and the internal pressure of the compressor 22 Is changed according to the change in 

tht^Snk pre?su^^^^^^^ and the inclination angle of the swash plate 18 is changed accordingly. When the inclmation 
angro?thrrrshplate18ischanged,thestrokeofthepiston21,thatis.thedis 

15 SwrFoI example if the opening degree of the control valve 32 is small, the crank pressure Pc decreases and the 
Stion anate Ses«^ash plate 18 increases. Consequently, the stroke of the piston 21 increases, and the com- 
LrlsrCP s L displacement. On the contrary, if the opening degree of the control valve 

Ssaget^^^^^^^^^^^^ 

?oSeX the stroke of the piston 21 decreases, and the compressor CP fe operated at a small discharge dis- 

ra07oT^"The engine controller 90 calculates the target engine output torque Tr,„g by the use of information such as 
tSressLdegrte of an acceleration pedalfrom the pedal posW^^ 
25f?omtherot2al speed sensor 92^ 

like The enqine controller 90 controls the engine 25 to obtain the target engine output torque Treng. 
00711 rpecmcali;. the engine controller 90 detemiines the target opening degree or size of the throttle valve based 
S tarqerengS output torque Tr,„g and executes a command to produce the target opening degree to a throttle 
deJ'ce r?he thl^ttle devfce 96 adjuSI the opening degree of a throttle valve (not shown) and thus adjusts the intake 

air amount. ^ ^..«4-u^*^«/^ th<a enr^tinn air nrfsssiirfi. from the 

rnn79l The enaine controller 90 caicuiaies a larytjuuci imjc«-uw. w«« . • 

LSssure sensor 94, and the previously stored theoretical air-fuel ratio and instructs the fuel ,nject,on device 97 to 
Zuce he mr^et fue injection amount. The fuel injection device 97 injects the target arr,ount of fuel corresponding 
to the instructed theoretical air-fuel ratio into the fuel chamber of the engine 25 in the suction stroke. 
So^ Thteng^^^^^^^^ determines a target value of the target rotational speed m^, of the engine 25 based 

^ r t.rn^t !nn HP outDut toroue Tr Further, the engine controller 90 calculates atargettransmission ratio based 

^a^ble ?a m^il 95 to produce the target transmission ratio. The continuously variable transmission 95 adjusts 
the rotetionalTpeed Ne of the engine 25 to the target rotational speed Ne^^. by adjusting the pulley ratio (effective 
d ar^eSrrai) of for example the drive pulley to the driven pulley to attain the Instructed target transmission ratio. As 
a re^urtSg°ne 25 is operated by the combination of the en 

40 from which the optimal fuel efficiency can be obtained. 

r00741 The first embodiment has the following advantages. ^ , ,u 

Si The a r conditioner controller 80 sends torque setting signals for the set torque Tr,„ to the compressor con- 
tS77 so that the torque Tr of the compressor CP produces the set torque Tr.,. There^re^ the a,r condrtioner 
controller 80 is able to execute accurate control of the compressor displacement based on torque. 

.5 Se The air conStioner controller 80 also sends the torque signate for the set torque Tr^, to the engine controller 
Kcordl^grren the engine 25 is efficiently controlled based on the value of the 1^^^ 

CP the en^^e clt^ller 90 Is able to use the set torque Tr,,. from the air condttioner controller 80 as date concernmg 
the compressor to,x,ue and a load torque estimation map is not needed. This simplifies the control of the engine 25. 
Further the vehicle air conditioner can be easily applied to various vehicles. , . Hr.rt 

50 roOT^ The controllers 77 80 and 90 communicate torque infomiation with one another. Therefore, time and effort 
tTco^vert o^er stla" to iorque signals are omtted between the controllers 77. 80 and 90, and the control of the 
comoressor CP displacement and output of the engine 25 become easier. 

fooTw The air conditioner controller 80 functions as an external controller that instructs the compressor controlle 
mo JroLce the set torque Tr^,. Thus, a special external controller other than the air conditioner controller 80 is not 

" ?0079T' Tlfcor^rorcSler 77 computes the set pressure difference A Pd,,. of the -trol valve 32^wh^^^ 
or e ponds to the'set torque Tr.,, from equations 6 and 7 and then conjols the cont™^ 

difference A Pd of the control valve 32 is steered to the set pressure difference A Pd,,,. Since, in the compressor 
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controller 77, the load torque Tr can be accurately estimated in spite of the constitution of the external refrigerant circuit 
1 of the vehicle air conditioner, the vehicle air conditioner can be easily applied to vahous vehicles. 
[0080] In equation 6, the suction pressure Ps of the compressor CP is used as a variable. Therefore, the computation 
of the set pressure difference A Pds^^ of the control valve 32 is highly accurate, and the compressor load torque Tr is 

5 controlled with high accuracy. 

[0081] The suction pressure Ps and discharge pressure Pd of the compressor CP and the rotational speed Nc of 
the drive shaft 16 are respectively detected by the sensors 41 , 42 and 43 provided in the compressor module CPM. 
Accordingly, all information necessary for controlling the displacement of the compressor CP is collected by an infor- 
mation detector in the compressor module CPM. As a result, it Is not necessary to provide an additional information 

10 detector outside the compressor module CPM. Accordingly, in the air conditioner, it is possible to combine a different 
compressor module CPM of another maker with the refhgerant circuit. 

[0082] The control valve 32 includes the operating rod 53, which mechanically detects the pressure differences A 
Pd across the fixed restrictor 8a. The valve opening degree of the control valve 32 is automatically adjusted based on 
the pressure difference A Pd detected by the operating rod 53, and the set pressure difference A Pdggt which is an 
'5 index for controlling the automatic valve opening degree, is controlled by the amount of current supplied to the coll 76. 
Therefore, the adjustment of the opening degree of the control valve 32 is rapidly carried out, 

(Second Embodiment) 

20 [0083] As shown in Fig. 5, a cylindrical bellows with a bottom 101 , which functions as a pressure sensing member, 
is contained in the high pressure chamber 65. In this embodiment, the operating rod 53 and the bellows 101 function 
as first and second pressure difference detectors, respectively. The top end of the bellows 101 is fixed to a plug 58a. 
The bellows 101 divides the high pressure chamber 65 into a first pressure chamber 1 02, which is located inside the 
bellows 101 , and a second pressure chamber 103, which is located outside the bellows 101. 

25 [0084] The bottom wall of the bellows 1 01 is provided with a hole 101a for receiving the operating rod 53, and the 
upper end of the divider 54 of the operating rod 53 is inserted into the hole 1 01 a. The bellows 1 01 is mounted in the 
high pressure chamber 65 in an elastically compressed manner. The bellows is pressed against the divider 54 by a 
downward force f3 due to this compression through the hole 101a. 

[0085] The first pressure chamber 1 02 is connected to the discharge chamber 7, in which the first pressure monitoring 
30 point PI is located, through a PI port 104 fomied in the plug 58a and a first pressure detecting passage 105. The 
second pressure chamber 1 03 is connected to the second pressure monitoring point P2 through a radial P2 port 1 06 
and a second pressure detecting passage 1 07 formed in the upper housing member 58b of the valve housing 58. The 
monitored pressure PdH at the first pressure monitoring point PI is applied to the first pressure chamber 102 and the 
monitored pressure PdL at the second pressure monitoring point P2 is applied to the second pressure chamber 103. 
35 [0086] A supply passage 31 connects the first pressure monitoring point PI to the crank chamber 15. An upstream 
portion of the supply passage 31 connects the first pressure monitoring point P1 to the control valve 32 through the 
second port 63 and a downstream portion connects the control valve 32 to the crank chamber 15 through the first port 
62. That is, in the second embodiment, the direction of refrigerant gas flow through the first and second ports is different 
from that of the first embodiment. 
40 [0087] Between the fixed iron core 70 and the movable iron core 74 in the plunger chamber 72, a coil-shaped spring 
1 08 is accommodated. The force of the spring 1 08 separates the movable iron core 74 from the fixed iron core 70, that 
Is, the spring 108 spaces the valve body from the valve seat 64. 

[0088] Various forces acting on the divider 54 will be described. The divider 54 receives a downward force f3 from 
the bellows 1 01 . The divider 54 also receives a downward force based on the difference between the downward force 
of the pressure PdH in the first pressure chamber 1 02 and the upward force of the pressure PdL in the second pressure 
chamber 103. The effective receiving pressure area of the bellows 101 with respect to the pressure PdH in the first 
pressure chamber 102 is equal to the cross-sectional area S5 of the bellows. The effective receiving pressure area of 
the bellows 101 with respect to the pressure PdL in the second pressure chamber 103 is the cross-sectional area S5 
minus the cross-sectional area S2 of the divider 54. Thus, the divider 54 receives a force of PdHxS5-PdL(S5-S2). 
50 When the downward force is a positive value, the net force £ F1 of the downward forces acting on the divider 54 is 
expressed by equation 8, which follows 

Z F1-PdH • S5-PdL(S5-S2)-PdH(S2-S3)-i-f3 

55 

=PdH(S5-S2-^S3)-PdL(S5-S2Kf3 Equation 8 

[0089] Next, various forces acting on the guide 57 will be described. The guide 57 receives a downward force f4 
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from the spring 108. The guide 57 also receives a downward force based on the pressure Pd in the through hole 60. 
The pressure PdH of the crank pressure chamber 66 acts on the guide 57. The receiving pressure area of the guide 
57 with respect to the pressure PdH in the through hole 60 is the cross-sectional are SI of the through hole 60 minus 
the cross-sectional area S3 of the coupler 55. The guide 57 further receives an upward force based on the pressure 
Pc In the valve chamber 59. The receiving pressure area of the guide 57 with respect to the pressure Pc in the valve 
chamber 59 is the cross-sectional area S4 of the guide 57 minus the cross-sectional area S1 of the through hole 60. 
When the upward force is positive, the net force rF2 of the upward forces acting on the guide 57 is expressed by 
equation 9, which follows 

Z F2=F-f4-PdH(S1-S3)-Pc{S4-S1)+Pc •S4 

=F-f4-PdH(S1 -S3)+Pc • S1 Equation 9 

15 [0090] As in the first embodiment, the axial_position of the operating rod 53 is defined at a position where Z F1 in 
equation 8 is equal to E F2 in equation 9. Provided that Z F1 = 2 F2, equation 10 .which follows, can be obtained. 

PdH(S5-S2+S1)-PdL{S5-S2)-Pc • S1=F-f3-f4 Equation 10 
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[0091] The cross-sectional area SI of the through hole 60 is equal to the cross-sectional area S2 of the divider 54. 
Thus, If S2 in equation 10 is replaced with S1 , which follows, equation 11 Is obtained. 

{PdH-PdL)S5+{PdL-Pc)S1 =F-f3-f4 Equation 1 1 



[0092] As apparent from equation 1 1 , the control valve 32 of the second embodiment positions the operating rod 53 
by a composite effect of a force based on the first pressure difference A Pdl (PdH-PdL) and a force based on the 
second pressure difference A t'QZ (PdL-Pc). Thai is, ine op^ftiuny luu 53 is uisplaced by not only the var;s«cr, of the 

30 first pressure difference A Pdl but also by the second pressure difference A Pd2. As described above, the control valve 
32 of the second embodiment positions the operating rod 53 to maintain a constant relationship between the first 
pressure difference A Pdl and the second pressure difference A Pd2 as detennined by the electromagnetic force R 
[0093] It Is noted that in the second pressure difference A Pd2, the discharge pressure PdL is significantly larger 
than the crank pressure Pc. Therefore, the second pressure difference A Pd2 may be approximated to the discharge 

35 pressure PdL. In other words, the operating rod 53 may be positioned by the discharge pressure PdL using the crank 
pressure Pc on the tow pressure side. 

[0094] The second embodiment has the following advantages in addition to those of the above-described first em- 
bodiment. 

[0095] The first pressure difference A Pd 1 , wh ich Is the pressure difference across the fixed restrictor 8a, substantially 
40 reflects the discharge gas flow rate Qd except when the discharge gas flow rate Qd is small. When the discharge gas 
flow rate Qd is small, the force of first pressure difference A Pdl is too small to position the operating rod 53. The 
control valve 32 in the second embodiment employs, in addition to the first pressure difference A Pdl, the second 
pressure difference A P2. Thus, the operating rod 53 is influenced by the second pressure difference A Pd2, and the 
operating rod 53 Is accurately positioned. This improves the adjustment of the valve opening degree. 
45 [0096] it should be apparent to those skilled in the art that the present invention may be embodied in many other 
specific forms without departing from the spirit or scope of the invention. Particularly, it should be understood that the 
Invention may be embodied in the following forms. 

[0097] Instead of the separate controllers 77, 80 and 90, one or ^A'0 controllers, which perfonn the tasks of these 
controllers 77, 80 and 90, may be provided. 

50 [0098] For example, instead of the compressor controller 77 provided in the compressor module CPM, the air con- 
ditioner controller 80 or the engine controller 90 may perform the functions of the compressor controller 77. In this 
case, the torque setting signals are set in the air conditioner controller 80 or the engine controller 90, and torque setting 
signals are associated with the Index for controlling the control valve. In this case, the CPU memory of the air conditioner 
controller 80 or the engine controller 90 is increased as required. With such a structure, CPU is localized in the air 

55 conditioner controller 80 or the engine controller 90 thereby simplifying the structure of the air conditioner. 

[0099] Furthermore, the engine controller 90 may perfonn thefunction of the air conditioner controller 80 that controls 
an engine. Thus, a separate air conditioner controller 80 need not be provided. Additionally, the engine controller 90 
may function as an externa! controller. When the engine controller 90 functions as the external controller, it sends 
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torque setting signals to the compressor controller 77 to control the control vaive 32 so that the set torque Trget is 
attained. This simplifies a network structure that transmits the control signals between controllers. 
[0100] The air conditioner controller 80 stores the last set torque Trg^t instead of computing the vafues of the set 
torque Trg^t sent to the compressor controller 77 from the first every time, and may increase or decrease the value by 
a predetermined value to be the next set torque Tr^^^. That is, when the discharge displacement of the compressor CP 
is small, a predetermined value is added to the last set torque Tr^^, and when the discharge displacement of the 
compressor CP is large, a predetermined value is subtracted from the last set torque Tr^et- ™^ simplifies the compu- 
tation of the set torque Tr^Qi- 

[0101] The external controller may be a simple manual adjuster. In this case, the external controller sets the set Jr^^^ 
in a simple way instead of computing the set torque Tr^^^ by CPU from conditions relating to the temperature from the 
temperature adjuster 82 and the passenger compartment temperature sensor 83. For example, the set torque Tf^^^ is 
altered stepwise or continuously and sent to the compressor controller 77 by operation of an adjustment knob that sets 
the cooling conditions in a manual air conditioner. In an exceptional control mode, a predetermined minimum set torque 
Trsei is output to the compressor controller 77 by the instruction from the engine controller 90. Signals indicating the 
set torque Tr^^^ can also be output to the engine controller 90 for computing the target engine output torque Tr^^ . As 
a result, when the external controller is the air conditioner controller 80, the engine controller 90 effectively controls 
the engine 25 based on the operating conditions of the compressor CP without mounting a CPU on the air conditioner 
controller 80. 

[0102] The rotational speed Nc of the drive shaft 16 may be computed in the rotational speed sensor 92 Instead of 
detecting the rotation sensor 43 in the compressor module CPM. As a result, the rotation sensor Is not needed and 
the constitution of the compressor module becomes simple and the cost is reduced. 

[0103] The engine controller 90 receives the torque signals regarding the set torque T^^^ from the air conditioner 
controller 80. After that, the engine controller 90 judges whether the vehicle is in a normal mode or in an exceptional 
mode. Then, as described with reference to Fig. 4, when the vehicle is in an exceptional mode, the set torque Tr^^^ is 
changed to give priority to the vehicle travel, and the torque setting signals regarding the changed set torque Tr^^^ may 
be sent to the compressor controller 77. Even if the vehicle is in an exceptional mode, the engine controller 90 need 
not necessarily be operated at the minimum displacement of the compressor CP, and the maximum torque in the 
allowable range that can be applied to the compressor CP may be the set torque Tr^^^ of the compressor CP. As a 
result, the control time can be shortened and the air conditioner can be efficiently operated. 

[0104] The compressor controller 77 may output signals concerning the load torque value Tr to the engine controller 
90. In this case, the receipt of the torque setting signal regarding the set torque Tr^^^ by the compressor controller 77 
and control of the control valve 32 is delayed. However, the engine controller 90 is able to compute the target engine 
output torque Trg^g by using the actual load torque Tr, which is more accurate than the set torque Tr^^^, Accordingly, 
the engine 25 can be further efficiently controlled. 

[01 05] An external controller other than the airconditionercontroller 80 and the engine controller 90 may be provided. 
The external controller judges whether any one of the operation torque values, which both the airconditionercontroller 
80 and the engine controller 90 respectively require of the compressor module CPM, is preceded, and sents the com- 
pressor controller 77 the set torque Tr^x- 

[0106] The compressor controller 77 is located at the suction pressure zone or near the suction pressure zone of 
the compressor CP. As a result, the compressor controller 77 Is cooled by the suction refrigerant, the temperature of 
which is comparatively low. 

[0107] In the compressor controller 77, when the suction pressure Ps from the suction pressure sensor 41 falls below 
a predetermined value, the load torque Tr of the compressor CP may be reduced regardless of the set torque Trg^t 
instructed from the air conditioner controller 80. 

[0108] In the control valve 32 in the second embodiment, the pressure of the second pressure difference A P2 may 
be the suction pressure Ps, which is lower than the crank pressure Pc, in place of the crank pressure Pc. In this case, 
the effect of the discharge pressure PdL becomes more predominant and the adjustment of the valve opening degree 
in a case where the discharge gas flow rate Qd is low, is further improved. 

[0109] In the second embodiment, the discharge pressure sensor 42 of the compressor module CPM, which detects 
the discharge pressure Pd. may be removed to fix the value of the discharge pressure Pd in equation 6. This simplifies 
the computing by the compressor controller 77 thereby reducing the cost of the compressor module CPM. The reason 
why the discharge pressure Pd need not be used as a variable in equation 6 is that, in the second embodiment, the 
input current value I into the coil 76 is expressed by a fixed relationship between the first pressure difference A Pd1 , 
which is reflected by the discharge gas flow rate Qd, and the second pressure difference A Pd2, which is controlled 
by the discharge pressure PdL. In this case, the discharge gas flow rate Qd and the discharge pressure PdL are indirect 
variables in equation 6 (for example, Tr=L/ (2 n - Nc) and L = a x l+b; a and b each are constant). 
[01 1 0] The control valve 32 may be a so-called discharge side control valve that controls the opening degree of the 
bleed passage 30 instead of adjusting the opening degree of the supply passage 31 . 
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[011 1 ] Therefore, the present examples and embodiments are to be considered as illustrative and not restrictive and 
the invention is not to be limited to the details given herein, but may be modified within the scope and equivalence of 

the appended claims. 

[0112] A displacement control apparatus controls the displacement of a variable displacement compressor (CP). A 
5 drive shaft (1 6) of the compressor (CP) is driven by an engine (25). Torque (Tr) acting on the drive shaft (1 6) represents 
the displacement. The apparatus includes a control valve (32), an air conditioner controller (80) and a compressor 
controller (77). The control-valve (32) changes the compressor displacement. The air conditioner controller (80) pro- 
duces a torque setting signal, which represents a target torque (Trggt), to the compressor controller {77). The compres- 
sor controller (77) changes the valve opening based on the torque setting signal such that the actual load torque (Tr) 
10 matches the target torque value {Tr^i). Accordingly, the compressor (CP) Is controlled according to the torque. The 
air conditioner controller (80) may send the torque setting signal to an engine controller (90), which eliminates the need 
for load torque maps. 



IS Claims 

1 . A displacement control apparatus for controlling the discharge displacement of a variable displacement compres- 
sor, wherein the compressor (CP) is incorporated in a refrigerant circuit of a vehicle air conditioner and includes 
a drive shaft (1 6), wherein a load torque (Tr) is imposed on the drive shaft (1 6) by driving the drive shaft (16) with 

20 an external drive source (25), and a change in the load torque (Tr) reflects the control of the discharge displacement, 

the displacement control apparatus being 
characterized by; 

a control valve (32) for changing the displacement of the compressor (CP) by changing the valve opening 
25 degree; 

a first controller, which Is provided outside the compressor (CP), for sending a torque setting signal, which 
indicates a set torque (Trsei) controlling the discharge displacement of the compressor (CP); and 
a second controller (77, 80, 90) for receiving the torque setting signal sent from the first controller, wherein 
ihe coniroiler (77, 80, 90) uuriipuLes cifi Inuex fur uiiciiiyitiy lim upeiiirig degree u\ Lhecoiuroi vaive based on 
30 the torque setting signal so that the load torque (Tr) of the compressor (CP) is changed to the set torque (Trggj), 

and as a result, the control valve opening degree Is controlled to change the displacement of the compressor 
(CP). 

2. The displacement control apparatus according to claim 1 , characterized in that the second controller (77, 80, 90) 
35 is a compressor controller mounted on the compressor (CP). 

3. The displacement control apparatus according to claim 1 or 2, characterized in that the apparatus further com- 
prises an air conditioner controller (80) for controlling the air conditioner, and a detection device (81 ,82,83), which 
is connected to the air conditioner controller (80), for detecting information concerning the refrigerant performance 

40 required of the refrigerant circuit of the air conditioner, wherein the air conditioner controller (80) detennines the 

set torque (Jr^ex) based on the Infomnation. 

4. The displacement control apparatus according to claim 2 or 3, characterized in that the external drive source 
(25) is an engine (25), and that the apparatus further comprises an engine controller (90) for controlling the engine 

45 . (25), wherein the first controller also sends the torque setting signal to the engine controller (90). 

5. The displacement control apparatus according to claim 2, characterized In that the extemal drive source (25) Is 
an engine (25) , and that the apparatus further comprises: 

50 an air conditioner controller (80) for controlling the air conditioner; 

a first detecting device (81 , 82, 83), which is connected to the air conditioner controller (80), for detecting the 
information concerning the refrigerant performance required of the refrigerant circuit of the air conditioner, 
wherein a first set torque (Trggt) is calculated by the air conditioner controller (80) based on the Information 
detected by the first detecting device (81 , 82, 83); 

55 an engine controller (90) for controlling the engine (25); and 

a second detecting device (91 , 92, 93, 94), which is connected to the engine controller (90), for detecting the 
information concerning a load (Trgpg) imposed on the engine (25), wherein a second set torque (Tr^^) is de- 
temiined by the engine controller (90) based on the information detected by the second detecting device (91 , 
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92, 93, 94), wherein the first controller determines the torque setting signal based on one of the first set torque 
and second set torque (Tr^Qi) . 

6. The displacement control apparatus according to any one of clalnns 1 to 5, characterized In that the first controller 
5 is the air conditioner controller (80) or the engine controller (90). 

7. A displacement control method for controlling the discharge displacement of a variable displacement compressor, 
wherein the compressor (CP) is incorporated in a refrigerant circuit of a vehicle air conditioner and includes a drive 
shaft (1 6), wherein a load torque Is imposed on the drive shaft (1 6) by driving the drive shaft (16) with an external 

10 drive source (25), and a change in the load torque (Tr) reflects the control of the discharge displacement, the 

method being characterized by: 

determining a set torque (Tr^et) ^or controlling the displacement of the compressor (CP) outside the compressor 

(CP); and 

15 transmitting a torque setting signal indicating the set torque {Tr^Q^} to the compressor (CP); and 

changing the load torque (Tr) to the set torque (Tr^^^) by controlling the discharge displacement of the com- 
pressor (CP) based on the torque setting signal. 

8. The method according to claim 7, characterized in that the set torque (Tr^^x) determined based on information 
20 concerning the cooling performance required of the air conditioner or information reflecting the load (Tr^ng) imposed 

on the external drive source (25). 

9. The method according to claim 7 or 8, characterized In that the method further comprises computing the load 
(Tr^ng) imposed on the external drive source (25) by the compressor (CP) using the set torque (Trge^). 

25 

10. The method according to claim 7, characterized In that the step of changing the load torque (Tr) to the set torque 
(Trget) comprises: 

detecting a pressure difference (A Pd) between the pressures at the two pressure monitoring points (P1 , P2) 
30 in the refrigerant circuit, wherein the pressure difference (A Pd) reflects the load torque (Tr); and 

changing the pressure difference (A Pd) between the two pressure monitoring points (P1 , P2) to a target 
pressure difference (A Pd^gt). wherein the target pressure difference (A Pd^^t) corresponds to the set torque 
(Tr^et). 

35 11. The method according to claim 7, characterized in that the step of changing the load torque (Tr) to the set torque 

(Trset) comprises: 

detecting a first pressure difference (A Pd1 ) between the pressures at the two pressure monitoring points (P1 , 
P2) in the refrigerant circuit, 

40 detecting a second pressure difference (A Pd2), which is different from the first pressure difference (A Pd1), 

between two pressure monitoring points (7, 15), wherein the first and the second pressure difference (A Pd1 , 
A Pd2) reflects the load torque (Tr); and 

changing the first and second pressure difference (A Pd1, A Pd2) to target pressure differences (A Pd^gj), 
wherein the target pressure differences (A Pd^gt) correspond to the set torque {Tr^{). 

45 

12. A compressor module characterized by: 

a compressor (CP), which forms part of a refrigerant circuit in a vehicle air conditioner, wherein the compressor 
(CP) Includes a drive shaft (16) on which a load torque (Tr) is imposed by an external drive source (25); 
50 a control valve (32) located in the compressor (CP) for changing the discharge displacement of the compressor 

(CP) by controlling the valve opening degree; and 

a compressor controller (77) mounted on the compressor (CP), wherein the compressor controller (77) re- 
ceives a torque setting signal indicating a set torque {TrseO ^^^^ outside the compressor (CP), wherein the 
compressor controller (77) computes an index for changing the control valve opening degree based on the 
55 torque setting signal so that the load torque (Tr) is changed to the set torque (Trggt), wherein the compressor 

controller (77) sends an instruction to the control valve (32) according to the Index, and as a result, the control 
valve opening degree is controlled to control the displacement of the compressor (CP). 
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13. The compressor module according to claim 12. charact rlz d in that the module further comprises: 

a crank chamber (15) through which the drive shaft (1 6) passes; .^^^ ^. . * c» 

a cam plate (1 8) that Inclines with respect to the drive shaft (1 6) and rotates integrally with the drive shaft (1 6) 
in the cranl< chamber (15); and . 
a piston (21), which is cooperatively coupled with the cam plate (18). wherein the piston (21) reciprocates in 
a compressing chamber (22), wherein the stroke of the piston (21) reflects a compressor displacenient and 
is changed by a change in the Inclination of the cam plate (1 8) in accordance with the pressure of the crank 
ch3rnb©r (15) 

wherein the control valve (32) controls the pressure (Pc) in the crank chamber (15) by adjusting the valve 
opening degree and the compressor controller (77) uses an equation representing the relationship between 
a plurality of variables and a settorque (Tr^,,) to compute an index of the valve opening degree for a se torque 
(Tr^eO. and the variables Include the discharge pressure (Pd) of the compressor (CP), the rotational speed 
(Nc) of the drive shaft (16) and the discharge gas flow rate (Qd). 

14. The compressor module according to claim 13 characterized in that the module further comprises an infomiation 
detector (41 . 42. 43) for detennining values of the variables. 

15. The compressor module according to claim 13. characterized in that the variables include the suction pressure 

20 (Ps). 

16 The compressor module according to claim 13, characterized in that the index indicates the pressure difference 
(A Pd) between two pressure monitoring points (P1 , P2) in the refrigerant circuit, and the refngerant circuit h^ a 
condenser (2) connected to the compressor (CP) through a high pressure pipe (8). and the conipressor CP) 
dischaiges refrigerant gas through the compressing chamber (22) In accordance with the stroke of the piston (21), 
and the compressor (CP) has a discharge chamber (7) connected to the high pressure pipe (8), the high pressure 
pipe (8) being located between the discharge chamber (7) and the condenser (2). wherein a restrictor (8a) is 
located in the high pressure pipe (8), and the control valve (32) includes a pressure difference detector^for me- 
chanically detecting the pressure difference (A Pd) between the pressures across »i« v^o/. ...» .c,.v, 
opening degree being adjusted based on the pressure deference (A Pd) detected by the pressure difference de- 
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25 



30 



35 



40 



teclor. 



17. The compressor module according to claim 16. characterized in that the pressure difference (A Pd is a first 
pressure difference (A Pd1 ) and the pressure difference detector is a first pressure difference detector (53). wherein 
the control valve (32) includes a second pressure difference detector (101) for mechanically detecting a second 
pressure difference (A Pd2). which is different from the first pressure difference (A Pdl), wherein the valve opening 
degree is adjusted by a fixed relationship between the first pressure difference (A Pdl) and the second pressure 
difference (A Pd2), wherein the second pressure difference (A Pd2) Is based on discharge pressure (Pd). 
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Fig. 3(a) 



(es) 58 (58a) 




1127721A2J_> 



18 



t 

EP1 127 721 A2 



Fig. 4 
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